Introduction CHEMICAL NATURE OF OXIDATION FERMENTS IN ANIMAL CELLS AND BACTERIA
The effect of carbon monoxide on the respiration of animal cells and aerobic bacteria (10) , and on anaerobic butyric acid fermentation (6) , has shown that the ferments which act as catalysts in these energy-yielding cellular processes are compounds of heavy metals: for carbon monoxide reacts at low temperatures only with heavy metals, and respiration as well as anaerobic butyric acid fermentation is stopped at low temperatures by carbon monoxide (6, 10) . It has been further shown that these catalysts of respiration and of the anaerobic butyric acid fermentation are compounds of iron: for, of all the combinations of carbon monoxide with heavy metals only those with iron are dissociated by visible light, and the cell which in the presence of carbon monoxide stops respiring or forming butyric acid, recommences its metabolic reactions when irradiated by light (7, 10, 11) .
Two iron ferments, the oxygen-transferring ferment of respiration and the anaerobic-splitting ferment, are apparently in too small a concentration and are too unstable to be isolated from the living cells by the usual methods of analytical chemistry. By combining them with carbon monoxide and by measuring the various degrees of dissociation' of the ferment-CO combinations (by the increase of the respiration or of the anaerobic-splitting metabolism when irradiated by different wave lengths of visible light) an indirect method was found for examining the ferments and determining their absorption spectra, their "color," within the structure of the living cell, as it were, without separating them chemically from the other cellular substances. After the absorption spectrum of the ferment-CO combination had once been found, it was possible to compare it with the absorption spectra of substances which are accessible and can be analyzed by the ordinary methods of chemistry. In this way WARBURG (12) discovered that the constitution of the oxygen-transferring ferment of respiration in animal body cells and aerobic bacteria was phaeohaemin.
Neither alcohol fermentation nor lactic acid fermentation can be affected by carbon monoxide (11) , and according to WARBURG and CHRISTIAN (13) "there are also oxidation processes which are insensitive to carbon monoxide as in Chlorella, yeast press juice and anaerobic bacteria." From these anaerobic bacteria it was possible to separate a catalytically active substance, an iron-free oxidation ferment, the so-called yellow ferment of WARBURG (13, 14) . So, at present we know the chemical constitution of two respiration ferments: the oxygen-transferring ferment, phaeohaemin, in animal cells and aerobic bacteria; and an oxygen-transferring ferment, the yellow ferment, in anaerobic bacteria.
PREVIOUS DATA ON EFFECT OF CARBON MONOXIDE UPON RESPIRATION OF PLANT CELLS
The influence of carbon monoxide upon the respiration of plant cells was studied by EMERSON (3), and PADOA and VITA (8) . EMERSON'S experimental material was the alga Chlorella. As the result of his investigations EMERSON states that carbon monoxide has no effect upon the respiration of plants, which are autotrophic (i.e., which obtain their energy by the "selfnourishment" of phot-osynthesis). Only after he succeeded in changing this original metabolism of plants into a heterotrophic metabolism, that is to say into a "parasitic" metabolism, by suspending the cells in a special sugar-containing nutrient medium, did the alga become sensitive to carbon monoxide. Under these conditions EMERSON found, in spite of a rather low partial pressure of oxygen and a high partial pressure of carbon monoxide (2.5 per cent. 02, 97.5 per cent. CO; ratio CO/O2= 39), only a small inhibition of respiration (15 to 25 per cent.). The experimental material of PADOA and VITA (8) was Planta1go major, Lemna minor, and Elodea canadensis. These authors report that the respiration of plants is not inhibited by CO, but that, on the contrary, CO increases their respiration.
Experimentation
The experiments discussed in this paper endeavor to answer the following questions: What is the chemical nature of the oxygen-transferring ferment of respiration in plants? Can this ferment be identified with one of the two oxidation ferments already known: the iron-free yellow ferment which is insensitive to carbon monoxide, or phaeohaemin which is sensitive to carbon monoxide? The writer has determined the effect of carbon monoxide on the respiration of the stamens of plums, stamens and pistils of daffodils, Spanish moss, green pine needles, and green leaves of tobacco, plum, and oleander plants. In all these plant cells the writer found that CO produces a strong reversible inhibition of respiration. For instance, in an atmosphere of 92 KOH to absorb the carbon dioxide formed in respiration. The vessels were wrapped in tin foil to exclude light. Gas mixtures of oxygen and carbon monoxide, oxygen and argon, or oxygen and nitrogen were prepared over mercury in a 2-liter gasometer, and the manometer vessels were saturated with these gases. The oxygen consumption was measured at temperatures between 0°and 320 C. in the Warburg apparatus. Figure 1 shows the respiration of tobacco leaves in the 02 and N2, gas mixtures and at various 02 and CO concentrations; and figure 2 shows the rate of inhibition of respiration in pine needles at various CO/02 ratios. Even at a ratio pCO/pO2 = 4 the respiration is inhibited by 38 per cent. At a ratio of pCO/pO =20 the inhibition amounts to 77 per cent. If oxygen-argon or oxygen-nitrogen mixtures are substituted for oxygen-carbon monoxide, the respiration rate again becomes the same as that of the control. The inhibition of respiration by CO is therefore totally reversible. The effect of CO on respiration proved to be independent of temperature in tobacco leaves, pine needles, Spanish moss, and stamens of plums and daffodils. In pistils of daffodils (at pCO/pO2 = 20) the rate of inhibition increased with increasing temperature (at 140 C. 16 period, photosynthesis has ceased and the effect of light upon the CO inhibition of respiration can easily be measured. As source of light, a 300-watt electric bulb was placed 5 cm. below the bottom of the manometer vessel. The vessel was shaken in the thermostat at a temperature of 100 C. Figure 3 gives the result of an experiment which shows the effect of light upon the CO inhibition of the respiration of 120 mg. of pine needles in which assimilation was eliminated by chloroform. While the inhibition of respiration in the dark at a ratio of pCO/pO. = 10 was 67 per cent., the inhibition in the light was only 8.3 per cent. The combination of the respiration ferment with carbon monoxide can be entirely dissociated by visible light.
EFFECT OF CARBON MONOXIDE UPON RESPIRATION OF TOBACCO LEAVES WITH MOSAIC DISEASE
The effect of carbon monoxide on tobacco plants infected with mosaic disease has been studied in order to determine whether this virus disease changes the respiratory mechanism of the cells. Small young leaves and sections of leaves showing the spots of the mosaic disease were examined at various CO/02 ratios. Unless the cells had reached the stage of necrosis, no change was found in the rate of respiration, in the sensitivity of the respiration to CO, and in the sensitivity of the ferment-CO combination toward light.
EFFECT OF CARBON MONOXIDE ON PLANT FERMENTATION
In the absence of free oxygen various plants can be kept alive for a limited time and photosynthesis may occur (15). The writer has measured the CO°formation of pine needles in the absence of free oxygen at various temperatures to determine whether this anaerobic metabolism in plants is inhibited by CO, as is the case in some anaerobic bacteria (6, 9) and in the photosynthetic Thiorhodaceae (4, 5). Thirty to 100 mg. of pine needles were put into manometer vessels which were saturated with mixtures of argon and carbon monoxide, argon and carbon dioxide, or carbon monoxide and carbon dioxide. To measure the CO, consumed in photosynthesis the oxygen was absorbed by white phosphorus in the side arm.
The pine needles can survive the lack of free oxygen at temperatures between 100 and 200 C. for from 4 to 6 hours without losing the capacity to assimilate CO2 when exposed to light. If, within this time, they were brought back to aerobic conditions, the rate of respiration was not diminished. The CO2 formed in the anaerobic-splitting metabolism is about 80 per cent. of the CO2 formed by respiration. Formation of hydrogen in comparable quantities was not found under these conditions. The anaerobic CO2 formation is not influenced by CO.
Since CO inhibits the respiration but not the anaerobic fermentation in plant cells; it is possible even under aerobic conditions to produce or inhibit fermentation by adding or removing CO. 2. The effect of carbon monoxide on the respiration of stamens of plums, stamens and pistils of daffodils, Spanish moss, green pine needles, and green leaves of tobacco, plum, and oleander plants has been examined. It was found that the oxygen-transferring ferment of respiration in plants is a compound of a heavy metal, for in all these plant cells carbon monoxide produces a strong reversible inhibition of respiration, and instead of the respiratory metabolism a non-oxidative splitting metabolism appears. The oxygen-transferring ferment in plants is a compound of iron: for, the ferment-CO compound dissociates in light; the carbon monoxide inhibition of respiration ceases if the cells are illuminated, and respiration again takes the place of the non-oxidative splitting metabolism.
3. The sensitivity of the respiration ferment toward carbon monoxide, and the absorption of light by the respiration ferment-CO compound are of the same magnitude in the cells of the higher plants as in animal cells and aerobic bacteria. All these findings indicate that the oxygen-transferring ferment of respiration in plant cells is identical with the oxygen-transferring ferment phaeohaemin.
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